Objectives: To identify groups of children with distinct developmental trajectories of body mass index (BMI), calculated as weight in kilograms divided by height in meters squared, between the ages of 5 months and 8 years and identify early-life risk factors that distinguish children in an atypically elevated BMI trajectory group.
T HE HYPOTHESIS OF THE FE-
tal origin of obesity has been stated repeatedly during the past 2 decades, [1] [2] [3] [4] [5] but results from longitudinal studies are only starting to appear. For instance, in a large cohort study 6 of 8234 children in the United Kingdom, 25 earlylife risk factors for obesity were examined. Eight were identified as being associated with an increased risk for obesity at age 7 years, including parental obesity, high birth weight, "catch-up growth," higher weight gain in the child's first year, higher SD score for weight at 8 and 18 months, longer time spent watching television at age 3 years, early adiposity rebound, and short sleep duration. 6 Other studies have identified maternal smoking during pregnancy, 7 the absence or reduced length of breastfeeding, 8, 9 and young maternal age 10 as being associated with child obesity. One important limitation that is apparent in many studies examining early-life risk factors for obesity is their lack of a developmental perspective. Indeed, in most studies, the obesity outcome is an assessment of body mass index (BMI) at a single time point.
Studies evaluating the potential heterogeneity in the development of BMI during childhood are needed to describe the normative and atypical patterns that may emerge early in life. To our knowledge, only 1 study has done so while looking at the associated early-life risk factors. Li and colleagues 11 used 6 assessment points (age 2, 4, 6, 8, 10, and 12 years) and identified 3 developmental trajectories of overweight status among a representative US sample (N=1739): early onset (age 2 years, 10.9%), late onset (age 6 years, 5.2%), and never overweight (83.9%). This study provided useful information on the ages at which 2 pathologic BMI trajectories emerged. However, the role of rapid early infancy weight gain was not examined. This is an important factor to consider given evidence of its association with later development of increased levels of adiposity. [12] [13] [14] The aims of the present study were 2-fold. The first was to provide new information on the childhood development of obesity by identifying children with normative vs atypically elevated trajectories of BMI, using repeated measures of height and weight from 5 months to 8 years, among a Canadian population sample. The second was to identify perinatal factors associated with membership in the atypically elevated developmental group.
METHODS

PARTICIPANTS
The present study is a secondary analysis of data drawn from the Quebec Longitudinal Study of Child Development. 15 A random population sample of families with an infant aged approximately 5 months in 1998 was recruited via the Quebec Master Birth registry of the Ministry of Health and Social Services. A stratified 3-stage sampling design was used. The initial target sample of 2917 families was representative of the Quebec population of families with a 5-month-old singleton infant in 1998 residing in each geographic area of Quebec, with the exception of Northern Quebec, Cree territory, and aboriginal reserves. This sample was reduced to 2120 because of nonresponse, inability to contact, or not meeting study criteria. The resulting 2120 families were monitored yearly until the child was aged 8 years. Trained interviewers conducted yearly interviews in the home with the person most knowledgeable about the child (mother in 98.0% of the cases). At every time of data collection, informed written consent was obtained from all participating parents.
Of the 2120 participants in the initial sample, we chose to include in the present study only those with 5 or more time points that included height and weight data. This incurred 7.7% attrition. The 1957 families included in the trajectory group estimations differed from the 163 families that were excluded in the proportions of female children (49.7% vs 41.1%), families with insufficient income (22.1% vs 55.6%), and mothers without a high school diploma (17.1% vs 30.9%).
MEASURES Outcome Variable: Group-Based Trajectories of BMI
Measures of height and weight were obtained during yearly interviews, through maternal report, when the child was aged 5 months through 5 years and by anthropometric measurement by a trained interviewer 16, 17 at ages 6, 7, and 8 years. The BMI was calculated as weight in kilograms divided by height in meters squared.
Independent Variables
Child Characteristics. Birth weight (categorized as Ͻ2500 g, 2500-4000 g, or Ͼ4000 g) 18, 19 and gestational age (categorized as Ͻ37 weeks or Ն37 weeks) 6, 19 were obtained from hospital records. Birth rank was categorized as first, second, or third or lower. 6, 11 Temperament at 5 months was measured using 7 items from the Infants Characteristics Questionnaire. 20 Mothers' responses were standardized to a 10-point scale, with higher values representing a more difficult child temperament. Early weight gain was expressed as the difference between weight at 5 months and weight at birth, divided by age (5 months). A dichotomous variable for rapid early weight gain coded the highest 40% of these values as 1 and the rest as 0.
21
Maternal Health Behaviors and Characteristics. Smoking during pregnancy indicated whether the mother reported smoking (1) or not (0) during pregnancy. Maternal BMI was calculated when the baby was aged 17 months and was categorized as normal/low (BMI, Ͻ25), overweight (BMI, 25-29.9), or obese (BMI, Ն30). 22 Maternal depressive symptoms at 5 months were assessed using an abbreviated 12-question Center for Epidemiologic Studies Depression Scale. 23, 24 Responses were standardized to a 10-point scale, with higher values representing more severe depressive symptoms. Breastfeeding (exclusive or not) was assessed when the child was 17 months, and a 3-category breastfeeding variable was created (did not breastfeed, 2; breastfed for Ͻ3 months, 1; and breastfed for Ն3 months, 0). 9, 25 Mother's age at the birth of her first child was obtained by maternal report and was kept in its continuous form. Maternal immigrant status was obtained by asking the mother whether she or her child was an immigrant (yes,1; or no,0). 27, 28 and was standardized to a 10-point scale, with higher variables on the scale representing less functional households. This scale measures the functionality of the family (eg, "there are lots of bad feelings in our family," "in times of crises, we can turn to each other for support," and "we don't get along well together").
Family Socioeconomic Status and
ANALYSES
Group-based developmental trajectories from 5 months to 8 years were identified using a semiparametric mixture model 29 in a trajectory model program (SAS Proc Traj). 30 The Bayesian information criterion was used to select the number of trajectory groups that best fit the data. We chose to estimate each possible combination of trajectory shapes (curvilinear, quadratic, or cubic) in a 2-, 3-, and 4-trajectory model to identify the model maximizing the Bayesian information criterion and maintaining parsimony. The model was determined without a priori hypotheses regarding the existence of distinct trajectories, their number, or shape.
The 2 main outputs from the trajectory model estimation are the shape of each group's trajectory and the probabilities of group membership. 31 The program uses the latter to classify individuals into the trajectory groups.
Trajectory models were estimated separately for each sex, and the resulting curve measurements were examined to identify potential differences in either the levels or the developmental patterns of BMI.
Bivariate associations between trajectory groups and risk factors were estimated with 2 tests (␣ Ͻ.1) for categorical variables and analysis of variance F tests for continuous variables ( Table 1) . Variables in which a significant bivariate association was found (PՅ.10) were retained in the final multivari-ate basic model. Logistic regression analyses were used to examine the capacity of the risk factors to distinguish membership in the atypically elevated trajectory group vs the other groups while controlling for the levels of the other risk factors. Each variable that had been excluded because of a high P value in bivariate analysis was entered one-by-one into the basic logistic model to verify any potential effects. The final logistic regression analysis included 1849 children.
WEIGHTING
Weighted scores were used in the regression model in an attempt to approximate the initial target population in terms of demographic characteristics. Each individual in the sample was given a weight that was inversely proportional to the probability of being drawn from the population given certain demographic characteristics. 15 
RESULTS
BMI TRAJECTORY MODELS
Three distinct groups were identified (Figure) : lowstable BMI (54.5% of the children), moderate BMI (41.0%), and high-rising BMI (4.5%). The moderate and low-stable trajectory groups showed a similarly shaped developmental pattern, with BMI values of the moderate group being higher at each time point. The highrising trajectory was not distinguishable from the other 2 groups between age 5 months and 2.5 years. Between 3.5 and 8 years, children in the high-rising group exhibited increasingly higher BMI, reaching a mean BMI of 24 at 8 years. From 5 years onward, the high-rising group was composed of more than 50% of children with BMI values exceeding the cutoff value for obesity defined by the International Obesity Task Force 22 (Table 1) . We identified differences in the proportions, but not the patterns, of the BMI trajectories modeled separately by sex. As a result, we modeled the development of BMI with the 2 sexes in the same model and controlled for sex in multivariate analyses.
EARLY-LIFE PREDICTORS OF BMI TRAJECTORY GROUP MEMBERSHIP
The children in the present cohort were approximately half girls and predominantly white (93.0%), with 21.8% of families lacking a sufficient income and 17.1% of mothers not completing high school (Table 1) . Variables significantly associated with BMI trajectories in bivariate analysis included child's sex, birth weight, gestational age, and average early weight gain; mother's BMI, not completing high school, and smoking during pregnancy; insufficient family income; and low family functioning. In multivariate logistic regression analyses, 2 maternal characteristics had statistically significant odds ratios (ORs) ( Table 2) . A child with a mother who was overweight or obese or who smoked during pregnancy was more likely to be a member of the high-rising trajectory group compared with the combined low-stable and moderate groups. For maternal BMI, this relationship was graded, with an adjusted OR of 2.38 for overweight and 6.33 for obesity. Maternal smoking during pregnancy had an adjusted OR of 2.28. We did not see a significant difference in the results with the addition of any of the variables that had been excluded from the final model.
COMMENT
Our group-based developmental trajectory model, spanning 9 time points within the first 8 years of children's lives, allowed for the identification of a group of children with an atypically elevated and rising BMI trajectory (4.5%) and 2 groups of children with relatively stable BMI trajectories throughout childhood: the moderate group (41.0%) and the low-stable group (54.5%).
COMPARISON WITH OTHER STUDIES
Our findings indicate that both maternal overweight/ obesity and maternal smoking during pregnancy were associated with membership in the high-rising trajectory of BMI. These results are in line with the growing evidence [1] [2] [3] [4] [5] [32] [33] [34] that the perinatal environment has an important influence on later obesity.
The odds of being in the high-rising BMI group were 2.38 and 6.33 times higher than those for being in the other groups when the child's mother was overweight or obese, respectively. Our estimated ORs do not approximate risk ratios 35 ; they are further from the reference value (1) than 
The finding regarding maternal overweight is in line with reports that identify parental obesity as an important predictor of child 36 and adult 37 obesity. Genetic, epigenetic, and shared environmental characteristics may contribute to this association. 34, 38 Furthermore, some evidence relates maternal obesity to future increased cardiovascular disease risk factors 39 and the metabolic syndrome 40 in the offspring through mechanisms related to the fetal origins hypothesis. These mechanisms have the potential to incur a cycle of obesity and related disorders through generations. 32, 34, [40] [41] [42] We found that having a mother who smoked during pregnancy was associated with an OR of 2.28 for membership in the high-rising group. Several studies have also linked smoking during pregnancy with an increased risk of child 6, [43] [44] [45] and adult 33 obesity. Maternal smoking is thought to restrict fetal growth, 38 leading to a lower birth weight, which has also been associated with the development of obesity. This may be the result of compensatory rapid postnatal growth 13 or to the programming of appetite regulation. 46 However, a previous study 21 on the present sample found that, among children born to smoking mothers, a normal birth weight placed the child at increased risk for overweight or obesity at 4.5 years. It is clear that the results of the present study cannot disentangle the confounding underlying mechanisms behind low birth weight, rapid growth in infancy, smoking during gestation, and future obesity.
The magnitude of the risk factors identified herein is comparable to that observed in previous studies 7, 11, 21 on risk factors for obesity. Maternal smoking and maternal BMI are the risk factors most correlated with obesity, but they are not perfectly correlated with it. The results suggest that these early risk factors should not be overlooked when designing preventive interventions, but this possibility requires replication in other studies.
We did not find a statistically significant result for the association between the high-rising trajectory and our assessment of rapid average early weight gain, despite the fact that previous studies 12, 13, 47 highlight the importance of this factor in predicting overweight. Because a previous study 21 with the same sample found an association between this variable and overweight status at 4.5 years, it is possible that rapid average early weight gain is associated with overweight and obesity in early, but not later, childhood. The significant bivariate association (Table 1) seems to be explained only by the highest quintile of weight gain. A separate analysis (results not presented) examining the ORs for membership in the highrising vs each of the moderate and low-stable trajectories found that only the high-rising vs low-stable and not the high-rising vs moderate comparison had statistically significant ORs. This suggests that rapid early weight gain may be an important risk factor for overweight or obesity in children, but this may be significant only when looking at extreme comparisons (ie, highest 20% of children for rapid weight gain vs the rest of the children or the highest vs lowest developmental trajectories of BMI).
Our results agree in part with those of a study 11 examining developmental trajectories of BMI in childhood in association with very early risk factors. Our results, as well as those of Li et al, 11 indicate that maternal BMI is one of the most important risk factors for earlyonset obesity. Li et al also found other significant risk factors: male sex, black ethnicity, being firstborn, high birth weight, mother without a postsecondary education, and lower middle-class income. However, maternal smoking during pregnancy was not found to be significant in their study. Different trajectory modeling methods and cohort characteristics may explain some of these discrepancies.
LIMITATIONS
Although fundamental in documenting the current obesity epidemic, 48 use of BMI as a proxy measure for adiposity may misclassify certain children. 49 Our study is also limited by the inclusion of 2 different measurement methods for child height and weight and the fact that maternal report of these variables is considered less reliable than direct measurement. In addition, because maternal BMI was measured 17 months after childbirth, we are limited in our ability to draw conclusions related to the influence of maternal overweight during gestation.
The fact that families of lower socioeconomic status were less well represented in our trajectory groups compared with those excluded may constrain our ability to draw conclusions regarding this variable because of a lack of power. We believe that this is unlikely, however, given the small attrition percentage and the fact that weighting was used to attempt to ensure a representative sample.
Another limitation of the study involves the age at which children were assessed during the school years. Beginning in kindergarten (mean age, 6 years), data collection occurred in the spring for all children rather than near their birthdays. Longitudinal attrition did not allow us to control for the age of children in the main analyses. However, in supplementary analyses, we were able to determine that the mean ages of children in the highrising vs other trajectories were not significantly different during these years.
Finally, we acknowledge that the identified early-life risk factors are not necessarily causal of obesity. Rather, they increase one's probability of following a developmental pattern resembling the high-rising trajectory. It is possible that a third, unexamined variable explains 1 or more of the observed associations.
In conclusion, the results of our study indicate that the most important risk factors for obesity are in place before birth, that they are modifiable, and that an atypically elevated BMI trajectory can be distinguished from the normative BMI trajectory as early as age 3.5 years.
